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Recently, noncentrosymmetric (NCS) superconductors (SCs) have attracted considerable research interest due to the possibility that they host several exotic properties [1] [2] [3] . The lack of inversion symmetry creates an asymmetric potential gradient, which may split the electron bands by lifting the spin degeneracy, allowing hybrid-pairing of spin-singlet and spin-triplet states within the same orbital channel [3] [4] [5] [6] . Furthermore, with the advent of topological insulators [7] [8] [9] [10] [11] [12] [13] [14] , it was recently proposed that NCS SCs with a strong spin-orbit coupling are potential candidates for realizing topological superconductivity [15] [16] [17] [18] , which hold promise for hosting protected Majorana surface states [12, 19, 20] . But so far, direct evidence of the topological surface states in noncentrosymmetric materials is still lacking.
Such convincing evidence may be obtained by angle-resolved photoemission, which provides an energy and momentum-resolved probe of electronic structure.
The noncentrosymmetric superconductor BiPd provides a platform to study the interplay of spin-orbit coupling (SOC) effects with superconductivity. This compound undergoes a structural transition from β -BiPd (orthorhombic ) to α -BiPd (monoclinic) at 210
• C and then becomes superconducting at transition temperature (T c ) ∼ 3.7 K [4, 5] . In comparison to many other NCS SCs, BiPd is a weakly correlated compound possessing a heavy atom, Bi. Measurements by point-contact spectroscopy [21] and nuclear quadrupole resonance (NQR) [22] indicate a complex gap structure in BiPd, which might be caused by the lack of inversion symmetry [4, 5] . Recent scanning tunneling microscopy (STM) measurements reveal that the superconducting state of BiPd appears to be topologically trivial, consistent with Bardeen-Cooper-Schrieffer theory with an s-wave order parameter [6] . Further momentum-resolved experimental evidence is highly desirable in order to establish the presence of topological Dirac surface states, and to study the underlying microscopic mechanism of superconductivity. A detailed systematic high-resolution angle-resolved photoemission spectroscopy (ARPES) study is needed to prove or disprove the topological nature of the surface states in the normal state of BiPd. Such a characterization of the normal state is currently missing, but necessary and needed as a first step towards opening a discussion on the relationship between superconductivity and the topological properties of noncentrosymmetric systems.
In this paper, we report the first experimental discovery of topological surface states in the noncentrosymmetric material BiPd using ARPES. 
Results
The crystal structure of BiPd at low temperatures (< 210 (010) is also illustrated. In order to experimentally identify its electronic structure, we systematically study the electronic structure of BiPd on the cleaved (010) surface. Figure 1d shows momentum-integrated ARPES spectral intensity over a wide energy window. Sharp ARPES intensity peaks at binding energies E B ∼ 23 eV and 26 eV corresponding to the bismuth 5d 3/2 and 5d 5/2 energy levels are observed.
We study the overall electronic structure of BiPd. In order to better understand the electronic structure observed with ARPES, we perform first-principles calculations on the bulk band structure (see Supplementary Information) and slab calculation of BiPd using the generalized gradient approximation (GGA) plus spin-orbit coupling (SOC) method (see Fig. 4b ). Our slab calculations show that the surface state is predicted to be at Γ point with the location of the Dirac node at around 0.5 eV and 0.6 eV below the Fermi level, one of which comes from the top surface and the another comes from with similar behavior also found in Bi 2 Se 3 [14] .
Discussion
The experimental realization of the topological insulator phase in a noncentrosymmetric crystal structure is an object of intense research. Such a system may be utilized in testing several proposed exotic phenomena such as crystalline-surface-dependent topological electronic states, pyroelectricity, and natural topological p-n junctions [23] . Recently, first principles calculations predicted III-Bi to be an inversion asymmetric topological insulator with large band gap possessing intrinsic topologically protected edge states and forming quantum spin Hall systems [23] but these have not yet been realized experimentally. At the same time, the proposal of topological insulating nature in an inversion asymmetric compound BiTeCl still remains under debate [24, 25] . Furthermore, the small bulk band gaps of the realized inversion asymmetric topological insulators severely limit the manipulation and control of the topological surface states. Most importantly, our discovery provide a unique example of topological surface state in a metallic compound. Our detailed experimental and calculation results discover the first topological surface state in a noncentrosymmetric material and provide a new avenue to realize the properties proposed in non-centrosymmetric systems with topological surface states.
BiPd is a superconductor below T c ∼ 3.7 K. Since the topological surface states is located at high binding energy, it negates the topological superconductivity behavior in the surface at its native Fermi level. However, by electrical gating or surface deposition, the Fermi level can be tuned near the Dirac surface state, which provides an opportunity to realize the topological superconductivity in this noncentrosymmetic materials. Our discovery of the topological surface state in the BiPd sample points towards a new direction in the search for non-centrosymmetric TIs, promising novel applications based on topological states.
Methods
Crystal growth and characterization. Single crystals of BiPd were grown by a modified Bridgman method as described elsewhere [4] . The crystals were characterized by means of X-ray diffraction, energy dispersive X-ray spectroscopy, magnetic susceptibility, electrical resistivity and heat capacity measurements, using standard commercial equipment. First-principles calculations. The first-principles calculations were based on the generalized gradient approximation (GGA) [26] using the projector augmented-wave method [27] as implemented in the VASP package [28, 29] . The experimental crystallographic structure 
